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"NOTICE: When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said Jdrawings, specifications

or other data is not to be regarded by implication or otherwise as
in any manner licensing the uc!lsr or any other person or corpora-
tion, or conveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related tnereto.”
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Femcrandum Jeport Mo. 11-59

Evaluation of Pour Types of USN Protective Suits (U)

(U) In accordancs with Interservice Surpls Suppert Agreement
#963-3166 issued to the B liboratories, Port Detrick, Maryland by the
Clothing and Textils Divisicn, U.3. Narul Surrly Research and Development
Pacility, Bayonns, B.J., fcur types of protective suits vere submitted for
B evaluation. Three of these suits sere difrerent acdels cf the USY
Experimental Decontaminatica Suit, The fourth s'ut was an experisenial
Wet Weathe Cuifit. A descristion of each of the four types follows:

(V) Type 1l - (DTC2). This suit is s cne-piece impermeable garment
nade from standard “utyl-coated fabric with attached fcotgear and
detachable hand wear {(Mgure 1). The frent entry closure is made im-
permsable by a comoination cf a gusset seal and water-proof tippar. the
bhood with a MV pro‘ective mask attacted is an integral part of the suit.

(9) Type 2 - (DTCL). This suit is the smme as Type 1 except that
the MV mask is detached from the suit (Pipure 2), The suit has an
attached hood which is se:led to the mask faceriece by means of a srecially
designed rubber closure arringement {Figure 3),

(U) Type 3 - (D7C3). This suit is the same 33 Type 2 except that ‘be
suit is permsabls (Figure L). This ty;e has a layer of impregnated filter
material both in tha front ard back of the suit (Flgue 5). The purpose
of this modificaticn 13 to provide some degres ol veatiladizn to the wearer.

(U) Type L - This suit is & vet veatker cutfit falricated from a
x(uopnn.(:):orod material, :coplete with parka and overall-‘ype trousers
Maore 6),

(U) Three suits of each type vere received f¢: evaluation, BRach of
the protective suits vas worn over a sult of two~piece cotlon long uncer-
wear, Cottca gloves and socks comple‘ed the ensemble. \s a-reed by Mr,
Edward Cherowbrier, Project lificer, U.3. Naval Sur;ly Research ard Cevelsp-
meat Facillty, and Chiaf, Protection Iranch, Physical Jeferse Divisica, each
of the tuelve suits vas tes®ed in duplicate.
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TEST MACIUHE

(U) The tests were coruixcted over a six dsy ~eriod with cne suit of
ench type tested each dgy. Four amale subjects, each vearing a #Iferent
4Ype of suit, vere exposed es-h day in a cloud chasbsr reow 16' x 9 x L)Y
to an aeraeol of B, globigii vores, The asss medim dlameter (WD) of
this serosol vas 7.1 micrens .th 955 of the partictlates Setween 1 and 5
microns. The challenge aerc.. concentraticn ranged from 1.5 t¢ 2,5 x 10
spores per liter. The cham™~ ras opersted at a temperaturs of 2036.

(U) The sampler utilize? +n ttis evaluation consisted of a 3 ca?
eotton twill rectangular cloth atch attached to A 3-inch s*=ip of $-inch
dmbla-coated pressure sensiti.¢ “\po. “hese patch samplers werw taped
to the skia ard underwear, -es,- *tively, {n the following Zcwr anatcmical
nreass scapular and mmmmary (lowar nsck), epigastric and median dorsal
(eaist), ulnar amtibrachial {vcist) and iover fewral (pper knes). The
«xact patch locations avre shown in Pigure 7. A patch searler was also
used in the bead area, This samler was placed on the mask harness ard
the spores recovered from this sruapler vere considared as pemetration %
e skin. Pour samplere alsn i »ve attacted to the cutside of the protective
scits, two on the chest and on. m each thigh,

(U) Upon entering the . josure chamcer (Mgwe 8) the subjects vere
ssated for a l1-hour period eccept when performing the following serties zf
exercises at 1S-minute inturvals:

l. Touzh toes tuice, hold fer § ~ounts sach.
o« AR exercise.

a. Hands on hips

b, Extended arms to 3ide

ce Ixterded arms foruard

d. Ixtended to side

e. Extend over head

f. IExternd to 3ide

g» Hands on hips

ke Arms down
J. Desp knee bend twice, hold fur 5§ scunts each.

(U) At the conclusion of the test ;erizd, the s .jects left the chamber
thrcugh two airlocks which were crnstartly airwashed., The cutar layer ;atch
sasglers vere removed in the first airlock and all underwear and skdn smplers
ia the second airloci. The rectangular =loth patches vere then asertically
revoved from the tape and transferred o 1) milliliter witer blanks,
Pellowing this, they vere hest-shocked for U mirutes at 6Q9C and then
shaken for 10 ainutes, Agar pour pls tes of the vater sclutica containing
the res'opended arores were umd © dats:une the tolal mmber retained .7
each sumpler,
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(U) During sach day's test, a control subject vas Ziressed in coe of
the test suit ensemblss with the patch samplers in place. This coatrol
subject remained in the airlock instead of entering the exposure chamber,
but otherwise f££llowed the test procedure., The purpose of this test control
wad to sscertain that the sampling techniques employed were sterile,

RESULTS AND DISCUSSICN

(U) The gecwetric msan per cent leakages for esch of the twslve suits
are presentad in Tabls I, These means were coxputed by adding the wuder-
wenr and skin patch spore counts so that the total ieaxage at a given
samplirg area =iZht be determined. The ratio of this total to the aversge
count cbtained from the four cutside layer patch sanplers was :onverted to
per cent leakage and then to logaritims for statistical analysis. The
amlysis of variance is given in Table II.

(U) This analysis shous that differences among suit types vere highly
significant, 1 offered the greatest rrotection followed in order by
Types 2, 3, and 4, The penstration through Type 1 suits was significantlr
lower than that for the other types. Pemnstration through Type 2 vas
significantly less than that for Types 3 and L, The leakage difference
between Types 3 and L vas not significant. GCeometric means expressed as
per cent reduction (i.e., 100% minus per cent leakage) are listed for the

four types:

".'Td Per Cent Reduction
& [ ]

2 99.758

) 98.652

L 96.254

(U) With the excepticn of Type 1, there was appreciable variation of
suits vithin type, However this variation wvas not statistically significent
when compared to the randam variation encountered throughcut the tests,

(U) leakage at the different sampling locatini: varied sicnificantly
among suit types (Tadble II, line LUi', These Jiflsr=m'es are undcudtedly uue
to the various types af suit desi,.. This is sutsir-tlated Dy e (act that
the results show that the rexicet ' enecra‘don -7 Tr.en 2 and ) sules cceurrcd
at the sampling locations cf srvarvt soumty o the most vulnerable part
of the respective suits, 7o illustrete, Type 2 ylelded the greatest perm-
tretion at the lower neck. Patch samplers at this location collected the B,

lobi speres penstrating the rubter closure arrangerent which was dundgrvad
seal the suit to Uw parirhary of the detached MXV mas:'s Typy 3 which hag

a permeable layer of impregnated filter matarial in the fruut and rear of i

vaist area showed tre reatest jendtration at these saxling locations (7.49%).
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A 211%r sanetration test performsd on a douhls layer of this impreguated
maarisl showed that te matarial allowed a B, globi srore panetration

of 7.3 per cent., Thus, the leakige of this typs of suit at the waist ares
1s unvicubtcdly 229 to the ineffectiveness of the filtar material against
particles 1a e 1 to 5 micron size range., Cn the other hand, Type 1
demonstra.ad 20 sig.ificant difference in leakage at any of the five sampling
sreas. Tis {/pe, which is impermeable vith the mask as an integral part of
the suit, doas "' pcssess my featurs which can be considered as potentially
valnerabli. Ty;e i, 8 wet-weather outfit, was not primarily designed as a
CRR protectivs :uit, Hewever, it vas included in this evaluation in order
% obtain an 1udiradtion of the amount of protection which could be expected
if worn in a contamimied area,

(U) The geomstric mean per cent penetration vas alao cosputed at
each sampling locsion rcr the skin and undervear layers, respectively,
These mans are given ia Table III,

(U) The sverage spore count on the daily coatrol pateh smplers vas
lass tham 0.1, This indicates thai mo% only were Uw individual sasplers
sterile, but also dencnstrates that tis technique of placing the samplers
and subsequently removing them wvas satiafactary.

(C) The B protection afforded by Type 1 and 2 experimental sults
coupares wery favorably vith that of the Chemical Corps M3 Protective Suit.
This latter suit gives the wearsr $9.5 per cent protaction. Since the X0
Protective Suit provides adequate ,rotection for use by apecially trained
decontaminatisn personnal, USN Ex-w {mental Decontaminaticn Suit models 1
and 2 (D7C2 and D7CL) can also be :amsi-er.d %o be adequats for use in BY
coatninated areas,

(C) The Vet-Weatlas lutfit (Y,pe 4) afi:rds approximately the same
amount of BW protecticn ax s U.S.A. fatizwe uniform when worn witk bouts,
socks, gloves sad A3AL Frote-ti.a Mask comrlete vith an ismpregnated hood.

LRONTAMINATICN STUDIES

(U) Pour o1 *he twelve :iite ineludiny gloves amd masks were decon-
‘aminated tres tme vhile wsr evaining elzht ensembles wero decontaminatad
Jdce. These 1teas were exposed W « croruntration of 195 millicrams of
othylene oxide rer litur of sruce f~r ln—curs. Pollowing this, they vere
serated for 12-lours grior 2 use, 4 v1.23" inspeciion was mace of each suit
after deccntzminaticn., Mo adversc 0%« '3 whish c2uld he at'riduted to the
ethylene oxide wers observed,

(U) In order to prevert oth:lens oxide adsorpi~n by tha canister
charcoal layer, Uw ~"i3°srs vwi? t~moved from eack rask during the exe
posure pericd., he extarior surface of tlese comonents was decontaninated
by wiping thoroughly vith a "la.ch soluticn ccntatiaing 1000 pjm a=1iilable
chlorine.
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(U) Table I snows that ‘s overall cecmetric mean per cent W
penstraticn vas 0.25) ver cent for replicate 1 (uefore decontaminaticn)
and 0,220 per cent for rerlicate 2 (aftar cne or more cdecontamimmtions).
T™he effect of decontamination as indicated =y the replicats mean square
(1ine 1, Table IT), was neglicicie. No sirmificaat differences among
suit tyres, which would indicate their inacility to withstaud ethylene
axide decontamination were detected.
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QQO! !pru of TSR pro‘eciive suits h“o‘:-no- tested in an

aerosal of E}cbi spores. Thres of tazse tyves were different models
of the TN n Dscontaxination Suiz, The fourth type was a
Vet Weather Qutfit,

ﬂ!?'l statistical analysis of e results showved that dilferences
among sult types were Righly significant. Type 1 (ixpermeadls with
intagrated mssk) offered the ;restest protection followed im order by
Type 2 (Lspermestle with detacted mask), Tyre ) (permeadle vith detached
sask) and Type L (wet veather cutfis;, T pemtration through e )
vap significantly lower than 2at for ‘he other types. Penstration
through Type 2 vas sigmificantiy less than nat for Typea J and L. The
leakage difference bSetuesn Ty7e¢s ) and L vas not signifizant. leakage
at the five sasyling locations vacied a1 .rnificantly among suit types,
These differences are undoud‘edly due .0 *lhe various Rypes of suit cesi;n,
since he greatest srcre prwiration for eich tyyfe occurred in the most
vulnaradle ares.

T4t Ko adverse effects "nte twelve 3ui's as a 1esult ¢ ethylens

oxide docontamination were vis.C iy obscrved or indicated 7y the ‘test
resulta,

{
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TAHLE 1.

Cecmetric Msan Per Cant Pemstration for four Types of USN Protective Suits
(Combined Undarvear and Skin Layer Totals) (D)

Jote: Test agent - B, globigii; Type of smmpler used - 3 aa? cotton twill patch

Sempler location
Tover Upper Suit Type
Type Suit  Bead Neck Waist ¥rist Inge Feang Means

1 1 0.00 0.002 0.002 0.0C 0.002 0,002
s 0.008 0.027 0.000 0,00y 0.000 0.002
9 0. 0,000 0.000 0.000 0.010 0,002
3 . » ° o 0.@2
hs ¢ 2 0,2)5 10.129 2.8 0.%08 1.478 1.516
6 O.iﬂi 1.1? O.m O.g 05&0 0.}”69
10 0. 0.7 0.119 Q. 0. Q. 2
U':& !.UTE Y Tada 3IB 0.2u2
944 ) 0,362 ).580 2.2 0.2)9 o.a8 0.712
‘I O.u7 6.722  12.)99 2.6)5 J. 706 2.607

0.0 L.202 2] ) 2.88 1.317
S L NiR e & LA
Iv L 0.7 4,680 0.0)) 3.872 1.9 1.017

8 1.967 9.626 .82 L.666 .81 3.6)0
12 6,886 22,209 A9 11,899 E.EEE 10.989
5 ;gu .

. . . . 36
Replicats Y Penatratioz
1 (3efore Deconumination) 0.25)
2 (Mfter cos or mcre Decoataminsticns) 2,228

Conficdarce Li=it Facters (558 level)

fer Type x osition Means

for Yype Means L.S
Types I, 11I, IV 5.5
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Y
TARLE I1.
Analysis of Variance for Four Types of USH Protective Suits (U)
Log (Per Cont Penstrstion ¢ 0,001)
Vean Brrer

Line Wo. Source of Variatios af 3quare Line P Prod.
b Replicate 1 0.06093 9 <l =
4 Amcng Suita (9) )3 ] 17,161 - - -
) Type (V) ) ST.uk)28 8 20.9 <18
u Suits/Type 1 2 «01222 1 &l be~
5 Sui ta/Type 11 e 5.)2882 - - -
6 Suita/Tpe ITX 2 19318 - - -
? Suits/Type I7 2 2.12108 - - -
8 Pooled lines 5,6,7 ) LT n 2.)) - 20%
y RIS 1 ST - - -
10 RI? ) J2u 11 -1 |~
u RIS/ 8 1178 - - -
12 Posttion (P) L 2.7891) 15 LT as
1) 3:1? LL 88550 - - -
un TK? 12 1.5L5LS 15 2.L2 <58
15 s n 63801 18 .53 %
1% L3 9 4 L D0 17 <l aS
17 VISIY? Ly L2618
18 Pooled lines 14 & 17 LY L1595
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UM 3.

Cecmetric Moan Per Cent Penstration far Pour Types

(Undervear md Skin lLaywrs Computed Separately) (U)

Botes: Tutwt-!.ann?ypot-th-)azcotm
will patch

of frotactive Sulta

Samler location pe x
Suit Lover Rper layer
Irpe Layer Nead To~k Vaist Urist Inse Feans
x m - OQw) qu o.m OQm O.Q}l
Skia 0.7 0.900 0.000 0.000 0,000 0.001
) o ¢ Undervear - lons 0.232 O.W OQw 0.2]!
Skin 0.0%%, J 58 0.096 0.01) 0.0)$ 0.085
Sxin 0.9  0.l2C 1.219 Nat) 2,138 J.158
I Unde.vear - 6.8 2.4:8 5.919 Lor2d o2
Sia 2.0 1.707 2.0 9.206 3.759 9,328
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Figurel Figure 2
€Eap Decon SunD7C2 E20Decon Sun D774

F.gurel Figure 4

Ruvbre ™' Ges Avrgngeman: ExpDecon Sun 07C3
vigg e O:.C b J\"‘ ‘.)4'(3 sv‘h
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Figure 5
Impregnated Material used in D7C3 Sun

Figure &
Wat Weather Ciirit
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